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The cardiac component of cardiac cachexia 

Viorel G. Flora, MD, FhD T DSc,** Michael Y. Eenein, MD, PhD," Mathias Hauchhana, Mt>* 
Veronfld Koloczek, MD,* Rakesh Sharrna, BSc, MRCP," Wolfrata Doehner, MD F a,c Philip A, Pook-Wllson, MD/ 
Andrew J* S. Coats, DM, 1 and Stefan V* Anker, MD, PhD*-* London, United Kingdom, Minneapolis, Minn, and 
Berlin, Germany 

Background Recent evidence suggests the importance of noncardiac mechanisms in the genesis oF ihe syndrome of 
cardiac cachexia. Thfs raises the question of the relative role of the heart itself in this syndrome. This study sought to as- 
sess the cardiac dimensions, moss, and function ond changes In these parameters over time In pallenls with chronic heart 
failure with and without cachexia. 

Methods Doppler echocardiography was performed in 28 patients with nonedemataus weight loss {>7£%> over a 
period of >6 months) compared with 56 matched patients without weight loss in a ratio of 1 :2 (age 71 £ 13 Vs 67 ± 8 
years, P = .07; New York Heart Association dass 2.9 ± 0.7 vs 2.6 ± 0.6, P = .08). fn 1 8 cachectic and 35 nonca- 
chectic patients with previous echocardiographic recordings, we analyzed the changes in left ventricular {LV) dimensions 
and mass over time. 

Results Cardiac dimensions including LV diastolic (69 £ 9 mm vs 67 ± 13 mm) and systolic cavity diameter (58 ± 
11 mm vs 55 ± 15 mm), IV mass (480 ± 1 00 g vs 495 ± 1 90 g), and LV systolic and diastolic Function including frac- 
lional shortening (16% ± 10% vs 18% ± 10%), isovdumic relaxation time {29 ± 22 mi vs 36 ± 27 ms), and E/A ratio 
(2.7 £ 1 .6 vs 3.3 * 2.9) did not differ between cachectic and noncachectic patients (all P > .1 ). By analyzing changes 
in LV mass over time, we (bund an increase (>20%) in 2 (1 1%) cachectic and >4 (40%) noncachectic patients and a de- 
crease in LV moss [>20%] in 9 (50%) cachectic and B (23%) noncachectic patients (x 2 lest, P < .05]. 

Conclusions Although no specific cardiac abnormality could be detected echocardiographicafiy in cachectic pa- 
tients compared with patients with noncachectic chronic heart failuje in a cross-sectfonal study, over time d significant loss 
of LV mass (>20%) occurs more frequently In patients with cardiac cachexia. (Am Heart J 2002;144:4550.| 



Long-standing severe chronic heart iailure (CHF) is of- 
ten accompanied by a loss of total body fat and lean 
body mass, known Jo, its most severe form as cardiac ca- 
chexia. It has been recognized since the classic descrip- 
tion by Hippocrates 1 and is associated with a particularly 
adverse progaiosis, 2 A dear understanding of the mecha- 
nisms of reduced weight and wasting occurring in this 
syndrome still eludes us. A reduced blood flow to the 
Bmbs 3 * may deprive tissues of the necessary substrates 
for normal protein turnover and growth, 5 The concept of 
generalized cellular hypoxia as a consequcoce of the fail- 
ing heart is thought by come to be of central importance 
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to die pathogenesis of cardiac cachexia.* However, grow- 
ing evidence suggest die importance of noncardiac 
mechanisms in the genesis of the syndrome. These in- 
clude malnutrition, 7 ' 6 neurohormone and immune activa- 
tion widi cabibolicstmbolic imbalance, 9 cytokine flctJva- 
don, 11 * 13 and altered protein, fat, and bone mineral 
meraboIisrrL 14 " 16 The Increasing evidence of the "pcrtpb- 
craT component of cachexia raises the question of the 
relative importance of the "central, p or cardiac cornpo- " 
nent 

Although the cachectic heart has been described as a 
pathologic decrease in the size and mass of the 
heart, 17 no studies have followed changes in cardiac 
dimensions or mass over time in patients with CHf 
with cardiac cachexia. The purpose of this Investiga- 
tion was to assess cardiac dimensions, mass, and func- 
tion and changes in these parameters over time in pa- 
dents with CHF with and without cachexia by use of 
quantitative Doppler echocardiographic techniques. 

Methods 

Patient population ond characteristics 

The target population for this study was all cachectic pa- 
tients with CHF of ischemic or dilated cardiomyopathy orf 



•PAGE 12/30 1 RCVD AT 4/14/2006 5:50:59 PM [Eastern Daylight Time] * $VR:USPTO-EFXRM/0 1 DNIS:2738300 * CSID: 1 DURATION (mm*ss):14*32 



AP R. 1 4. 200*6 5:53PM PABST PATENT GROUP 



NO. 766 1 P. 13 



46 Florecjetol 



gjn, referred tor an echocardiographle examination as pan of 
their routine assessment at the Royal Brampton Hospital be- 
tween 1992 and 1999, A total of 23 male consecutive pa* 
dents with, cardiac cachexia were studied. Cardiac cachexia 
was denned as documented nonedematous and noninicn- 
tioaal weight loss of >7.5% over a period of >6 months.* 
The diagnosis of heart feUure was based on history, examina- 
tion, clcccrocartllogram, chest radiography, and echocardio- 
graphle findings and made if both of the following were 
present: symptoms compatible with a diagnosis of heart fail- 
ure, mainly exertional brcatlilessness for at least 6* months, 
and evidence of substantial impairment of left ventricular ' 
(LV) systolic Amotion or LV filling on Doppter echocardiogra- 
phy, these patients were matched with 5$ patients with 
CHF without weight loss in a ratio of 1:2, There was no dif- 
ference between the 2 groups with and without cachexia 
with respect to the underlying cause of heart failure. Heart 
failure way of ischemic origin in 18 (64%) cachectic patients 
and In 37 ($6%) noncachectic patients. The presence of Isch- 
emic heart disease was shown by coronary arteriography or 
documented myocardial infarction. Parents were classified as 
baring dilated cardiomyopathy if normal coronary arteries 
had been demonstrated on coronary angiography. The ca- 
chectic firoup did not differ SrgiUflcaiitly from the noncacJicc- 
fie group with respect to age C71 2: 13 vs 67 ± 8 years, P = 
.07) and New York Heart Association class (2.9 = 0.7 vs 
2.6 ± 0.6, p = .08) and had a lower body mass index (21 ± 
2 kg/m 2 vs 28 ± 4 k^m 3 , P < .0001). 

No patient had uncorrected hemodynamlcany significant 
valvular disease, myocardial Infarction within the "previous 12 
weeks, chronic lung disease, neurompscuiar disorders, or 
severe Wdney failure. The medical regimens of all the en- 
rolled patients were optimized and all were symptomatfcally 
stable. Medications Included anejotcnsirw»rr*crilng enzyme 
Inhibitors, diuretics, nitrates, digitalis, B-blockers, and aspirin 
or warfarin in varying combinations. No significant dtffcr- 
ences In medication were found between cachectic and non- 
cachectic patients. 

In the documentation of weight loss for the detection of 
cachexia, special care was taken that no patient had periph- 
eral or pulmonary edema, significantly elevated jugular ve- 
nous pressure, hepatomegaly, or ascites at the tunc of assess- 
ment. The noncachectic patients had no history or significant 
nonedematous weight loss In the 2 years before the study. 

Procedures 

Shnultaneous Doppler echocardiograms qnd phooocardio- 
grams were recorded along with standard lead II of the elec- 
trocardiogram, wlrh die patient supine and in rhe left scmiiat- 
era! position. Afl patients were studied at rest and daring 
quiet respiration. 

Echocardiograms were recorded wlrh the use of a Hewlett- 
Packard Sonos 1500 ccbocardiograph with a 2.5-MHz trans- 
ducer (Andover, Mass). The pattern of LV wall motion was 
assessed from standard left parasternal and apical views. Sys- 
toHc and diastolic LV dimensions, septal thickness, and poste- 
rior wall thickness were measured from the Mmodes of the 
LV minor axis obtained with the cursor by the tips of mitral 
valtrc leaflets, with the use of leadln&cdge methodology. End- 
diastole was taken as the onset of the q wave of the simatta- 
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ncousfy recorded electrocardiogram and encKsystoIe as the 
onset of the aortic component of the second heart sound 
CA2) on the phonocardiograrn. All fioppler cardiographic re- 
cordings were made at a paper speed of 100 millimeters per 
second. The LV mass was calculated from Penn convention 
criteria. 10 Left ventricular fractional shortening was estimated 
as the percentage of decrease in dimension during ejection 
with respect to end-dlastolic dimension. Posterior wall thick- 
ening fraction was calculated as the percentage of Increase in 
enoVsysroUc wall thickness with respect to end-diastolic thick- 
ness. From the long-axis traces, the ratal ampiicudc of Jong- 
aads excursion was determined at the left, septal, and right 
sites, and the mean mitral ring movement was calculated. 
Left ventricular Isovofonrfc relaxation dme was measured as 
the time interval from the Aj tg the onset of mitral cusp sep- 
aration on the M-mode trace. From the transmural pulsed- 
Doppler trace, peak early (E) and laie (A) diastolic fitting ve- 
locities were measured and the E/A ratio was calculated. 
Mitral Ewavc deceleration time was measured from the peak 
of the E wave to its end. 

Phonncardio grams were recorded from the right or left 
sternal edge, with the use of a medium- or high-frequency 
filter, in the position where A^ waa most obvious, checked 
against aortic valve closure artifact on pulsed Doppler record 
c»f aortic flow. 

Changes in measurement of LV performance over 
rime 

To assess the changes in measurements of LV cavity size, 
mass, and function over time, before the index assessment, 
nil available previous echocardlographlc recordings per- 
formed in our laboratory were also analyzed. Eighteen ca- 
chectic and 35 noncachectic patients included in the study 
were identified as having had a previous echocardiography 
examination &6 months before the Index assessment (mean 
follow-up time 24 £ 15 months). The reproducibility of the 
echocar diogmphic overall LV performance In our laboratory 
has been described previously. 19 

Statistical anal/sis 

Descriptive values are expressed a* mean ± SO for cross-, 
sectional parameters and mean ± SHH for changes over time 
wfthin patients groups. The unpaired Student t test, Mann- 
Whitney V test, and x 3 test were used when approprta tc. For 
all tests, a P value of <,05 was considered statistically signifi- 
cant The reproducibifity of LV mass assessments with the 
use of echocardiography Is limited. Therefore, for the assess- 
ment of changes over tune In LV mass, we focused on the 
oe^errnlnarton of a definite state of LV mass increase f>20?0 
or a state of LV mass decrease (>209Q. Statistical analysis 
was performed with a standard statistical program package 
(StatView, version 4.5. Abacus Concepts fnc, Bcrfcely, Calif). 

Requite 

Chamber size, dimensions, and systolic funeffon 

Left ventricular and left atrial size did not differ be- 
tween the 2 groups, although LV cflmensions were 
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. Tablp r « M-m^ff dcbodardbgropliic maasurtmonb and leftvenfricolflf syttefre function iri (he rwo patient group* with and wilHout 

carcfioc cachexia (moon ± SD) • ' ■ - • ' 

*, ' * •* • . ■ < 

Cachectic Ncmcachactic 
(n ~ 28] (11 f» 56) 



Left ventricular end-cfoutelie dlarryoiar (mm) 


6? ±9 


67 ± 13 


.43 


left vatfrkuler Cnd-iv-sto!;* <Jiarnetar (irwn] 
fntervonfricular sepkn ihidcn&si (mm) 1 


58 ±11 


55 ± 15 


.35 


12 i 3 


13±3 


.11 


left ventricular posterior wall toidcrra (mml 


11 a:2 


123:2 


.4 


Left vsntriculnr mass (g} 


480 ± 180 


495*190 


.73 


Left otWol dmwnjJon (mm) 


48*9 


44*9 


.56 


Left venlricdar fractfonol ihortenlng (%| 


16 ± 10 


19 i 10 


.23 


Left ventricular posterior wall thickening [%) 


53 ^ 19 


60 ±15 


.37 


Mean milrcl ring movsmsnl [mm) 


8*3 


9*3 


.25 



GofibttcKe Noncachecric 
(n s± 96) (n *± 50) 



Mrmods nnxAunHnerib 

bovplymic reioxdfion Hmo (ms) 
Dopplor mrasuremcnb 

Peak E Jicstolk: filling vttoafy (mAI 

Peck A cfiotfetic filling vcbdly (m/s) 

E/A rafio 

E*wcve deceleration Hmo (ms) 



29 ±22 

0,7 ±0.3 
0.4 ±02 
2.7* 1.6 
73 ±37 



36 ±27 

0.8 ± 03 
0.4 ±03 
3.3 ± X9 
76 ±26 



26 

.71 
.86 
.3T 
.77 



slightly greater In the cachectic patients CToble D. Min- 
imal differences were found in interventricular septal 
rJllckness (P = .1 1) and posterior <P = .40) wail thick- 
ncss and LV mass between the 2 groups with and 
without cachexia, bat LV mass was almost identical in 
both study groups (p = .73). Similarly, LV function 
assessed by percent fractional shortening, the rate of 
posterior wall thickening, and the mean mitral ring 
movement did not differ. Left ventricular fractional 
shortening was lower (16% ± 10% vs 1956 ± 10*0 m 
patients with cardiac cachexia, but this difference did 
not achieve statistical significance (P = .23). This 
tower average value was due to slightly greater end- 
diastolic and end-systolic diameters among the cachec- 
tic patients and not to markedly lower values for per* 
cent fractional shortening in a few subjects* 

Diastolic function 

Left ventricular diastolic function assessed by the 
Doppler pattern of LV inflow and Rwave deceleration 
time was also similar in the cachectic and noacachec- 
tic groups (T able H). Isovoinmic relaxation time was 
slightly tower in cachectic padents (29 i 22 ms ys 
36 ± 27 ms), indicating that left atrial pressure and LV 
filling pressure were slightly higher In these patients. 
Nevertheless, this difference was statistically nonsignif- 
icant (P = .2$), and no other variables suggested spe- 



cific diastolic abnormalities In patients with cardiac 
cachexia. 

Changes in measurements of LV performance over 
rime 

There were no consistent changes in LV size, mass, 
and function from the previous examination to the 
index examination in the patient population as a 
whole, though the direction of changes differed be- 
tween cachectic (n ~ 18) and noncachcctic 0i = 35} 
padents (Table HI). Although the measurements of LV 
size and mass remained stable or slightly increased 
during the time interval between die previous and in- 
dex examinations in the noncachcctic group, these 
variables had a consistent negative direction in the ca- 
chectic group (Table TV). The differences in change 
over time between the groups with and without ca- 
chexia achieved statistical significance in terms of LV 
end-dia5toiic diameter and were the strongest for 
changes in LV mass (Figure 1). By focusing on the de- 
termination of definite LV mass increase (>2O90 or a 
state of definite LV mass decrease (>209€), we found 
on increase in LV mass in 2 (11%) cachectic and 14 
(4090 noncachcctic patients, stable LV mass in 7 ca- 
chectic and 13 noncachectlc patients, and a decrease 
in LV mass in 9 (SOW) cachectic and 8 (23K) oonca- 
chectic patients (x 2 test, P < .05). 



PAGE 14/30 ' RCVD AT 4/14/2006 5:50:59 PM [Eastern Daylight Tone] ' SVR:USPTMFXRMfO ' DNIS:2738300 ' CSID: ' DURATION (mm-ss):14-32 



APR. 14. 2006 5:54PM PABST PATENT GROUP . -. NO. 7661 P. 15 



BEST AVAILABLE COPY 



48 Floreo etol DECT MM I! Am r Ameiiwn heo ff je^i 

Jtfy20O2 



C'Sw f " ^""n^f l* ^>i& end moii'ot fndex-^fiviriu, examine*^ and absdule changes fa vonabi« 
- dt^ng frniejrjtwval beKyee* iha h*j examinations (mee, rt ± JEM) - , • . . . / . ™™ cnungw in vonaww 





Provide* 
examination 


Index 

ixnm In ffl frn n 
« ^\mi iiiiuii un 


Absolute 
change* 


LVEDD(mm) 








Noncachectk 
IVESD Trnm] 


73 ±2 
64±2 


66 ±3 
66 ±2 


-5 ±2 


Noncochedic 
IVSTfmml 


62 ±3 
53 22 


58±3 
52± 2. 


-4*2 
J - 2 


Gacheetie 
Nancacheefle 
LVPWTjmm) 


7 2.4 ±0.5 
12.5*0.4 


12.4 * 0.6 
1Z8 ± 0.4 


0.1 ± 0.6 
0-4 ±0.4 


Cadiechc 
Noncodtttfc 
LV mot* (g) 


n.3±cu 

M.3±a3 


10.6 ± 0.6 
11.3 ±0.3 


-0.7 ± OJ5 
0.1-0.3 


Cachectic 
Nortcechecfc 


5J0±45 
430 2:25 


455 ±40 
460 =s 30 


-80 ± 45 
35 ±25 



*- « -^i**-. e^s .y 



Cachectic 



Noncoctocric 



Ufi venlricufor snd-dmitoTk diffme^- {%) 
Uft venfricuW ertd-jystolic diomGtar <%J 
Interventricular septal fhicknesi (%) 
Ufl ventricular poslerior well rtilckneu Rtt 
Left ventrkulnr mass \%) 



-6 ±3 
-6 ±3 
1 £5 
-6-4 
^11 ±7 



323 
3 = 5 
5±4 
223 
11 ±6 



<.05 
.2 
,53 
.12 

<.03 



Discussion 

The current study felled to detect any specific car- 
diac abnormalities in patients with cachectic CHF com- 
pared With patients with noncachectic CHF when 
assessed in a crasfescctlonol study. Neither measure- 
ments of cardiac dimensions and mass nor measure- 
ments of LV systolic and diastolic function differed 
significantly between the 2 study groups with and 
without cachexia. However, when these patients were 
followed for a mean of 24 months, changes In ventric- 
ular mass and transverse cavity diameter were ob- 
served, which differed in direction In patients with 
cardiac cachexia compared with noncachectic pa- 
tients. In the group of patients as a whole, none of the 
measurements showed any significant change. Never- 
theless, in Individuals, a significant loss of LV mass 
over time occurred more frequently in cachectic pa- 
tients compared with noncachectic patients, strongly 
suggesting that neither change was simply random or 
the result of measurement error but rather that such 
continuous evolution should be considered as part of 
the natural history of the disease. 



Previous studies 

The phenomenon of rxrtiinr cachexia has been rec- 
ognized for many centuries. 1 The entity 'cachectic 
heart, 11 first described in 1968 by Burch et al 17 as an 
acquired pathologic decrease in size, mass, and fat 
content of the heart, was of central importance in ex- 
plaining the pathogenesis of cardiac cachexia. The cole 
of reduced blood flow to the tissues was further devel- 
oped by Pittman and Cohen, 6 who proposed that gen- 
eralized cellular hypoxia is of central importance to 
the pathogenesis of the syndrome of cardiac cachexia. 
It results in poor oxidative metabolism in muscle with 
subsequent reduced ATP production that depresses 
protein synthesis. 20 They also suggested that cellular 
hypoxia initiates catabollsm or inhibits anabolisnx* 

Several subsequent studies questioned the impor- 
tance of the changes in the heart itself in the genesis 
of cardiac cachexia, indicating the role of severe an- 
orexia 21 and of al t ered lipid metabolism." Ansari 2 * 
described 2 different syndromes of cardiac cachexia 
and of the cachectic heart He also proposed the pres- 
ence of pedal edema, cardiac sfee, and QRS voltage on 
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serial electrocardiography as the most important clues 
In the differential diagnosis of these 2 syndromes. 23 
Hie syndrome of cardiac cachexia within CHF has sub- 
sequently received little attention. 24 

Current studies 

Although the reasons for loss of muscle remain un- 
clear, CHF is regarded as a catabollc state with cyto- 
kine P rochictinn, t(V13 ' 25 ^ Insulin resistance,* 7 and an 
abnormal ratio of catabollc to anabolic steroids. 29 The 
syndrome of cardiac cachexia is currently shown to be 
closely related to neurohormone activation 9 and meta- 
bolic alterations."' 16 - 29 The increasing evidence of 
these "noncordlac" factors raise the question of the 
importance of alterations In cardiac structure arid func- 
tion in this syndrome. 

Current study 

it is generally accepted that worsening of heart fail- 
ure Is associated with an increase in LV size and mass, 
and this is confirmed in our noncachectic subgroup of 
patients. Whether this can be expanded to cachectic 
heart filflure has not been investigated previously. In 
our study, no significant differences in LV mass were 
found between cachectic and noncachectic patients 
both at the time of previous examination and of index 
examination. However, when monitoring these pa- 
tients, significant difference in changes in this variable 
over time were noticed. Although echocardiography 
has some limitations in estimating LV mass, this differ- 
ence was proved by the significant difference in 
changes over time in LV diastolic cavity diameter and 
by the observed trend in differences in changes over 
time in the ventricular posterior wall thickness (Tabic 
IV). The logical time sequence of events to explain 
these findings can be that the patients wen: analyzed 
at the time when noncachectic patients on average 
would still have an increase in LV mass over time and 
cachectic patients were on average loosing LV mass. 

The pathogenesis of cardiac cachexia has yet to be 
chicldated, and the role of the heart in this syndrome 
remained obscure until evidence emerged that cachec- 
dc patients have high circulating levels of tumor ne- 
crosis factor. 10 This cytokine causes many of the clirtt- 
cai features of cachexia, and its production is 
increased In patients with a variety of neoplastic, infec- 
tive, and collagen disorders characterized by muscle 
wasting and malnutrition. 30 In the study of Ansari, 23 
the syndrome of cachectic heart was described apart 
from the syndrome of cardiac cachexia, implying dif- 
ferent pathogenetic mechanisms in these syndromes. 
In our study, the reduction in body weight occurred in 
parallel to the wasting of LV mass, indicating a com- 
mon mechanism. Possibly, the ncurohormonal activa- 
tion 31 that accompanies the faffing heart could induce 
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a variety of "peripheral" alterations, including abnor- 
malities of the skeletal muscle and metabolic impair- 
ment. When the sum of these factors reach a thresh- 
old, a cascade of secondary vicious circles are 
initiated, leading to skeletal and cardiac muscle wast- 
ing and cachexia. 

limitations 

Retrospective data were used to assess die changes 
to measurements of LV performance over time, though 
all measurements were performed by a single expert' 
enced observer who was unaware of patient details 
and group assignment. The individual measurements 
we made, particulariy in LV cavity size and mass, will 
have been subject to measurement error, a problem 
compounded when small differences between those 
made on 2 occasions several months apart were de- 
rived. This effect was minimized by use of identical 
equipment and techniques on both occasions. Al- 
though all patients were receiving standard medica- 
tions, treatment was individualized and was thus not 
uniform throughout the group of patients studied, and 
most of the patients were studied before ^-blockers 
were included In standard therapy. We are thus unable 
to determine whether their use would have altered 
dynamics of LV size and mass over time. Finally, mea- 
surements in individual patients were made on only 2 
occasions, so we cannot say whether these changes 
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are consistent or subject to longer-term variability in 
their direction or jnagnltudc. 

We tbank Or Derek G. Gibson for helpful discus* 
sion and review of the manuscript. 
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